The N-acyliminium intermediates of 3,4-dihydroisoquinoline and salts of isoquinoline with acyl chlorides were successfully used as amidoalkylating reagents toward synthesis of heterocyclic aromatics as indole, pyrrole, thiophene and pyrazine.
Introduction
Reactions with formation of C-C bonds have continued to play a central role in synthetic approaches to numerous natural and unnatural heterocycles. Among the employed species for this purpose, Reissert compounds [1] and N -acyliminium ions [2] have proven particularly useful for e®ecting selective carbon-carbon bond formation. In the last several years, N-acyliminium intermediates of 3,4-dihydroisoquinolines with acyl chlorides have been successfully used as electrophilic reagents in intermolecular ®-amidoalkylation for synthesis of tetrahydroisoquinoline derivatives. The electrophilic properties of reagents 6 toward aromatics, Grignard reagents and active methylene carbonyl compounds [3] were investigated. Similar examinations concerning N-acyliminium ions of isoquinoline and their reactivity have been published [4] . Reagents 2 have demonstrated high reactivity in reaction of heteroarylation toward aromatic ¼-nucleophiles.
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Results
We report here, our investigations concerning reactivity of N-acyliminium intermediates 6 in comparison with N-acyliminium ions of isoquinoline 2 and their further synthetic application in the amidoalkylation of some aromatic heterocycles as indole, pyrrole, thiophene and pyrazine. The heteroarylation of 6 with these heteroaromatic compounds, so far has not been studied.
As mentioned above, the application of salts 2 of isoquinoline as amidoalkylating reagents toward indole and pyrrole is known [4] . The original paper, however, lacked detailed description of the experimental procedures. That is why we repeated this study and as a result, the following procedure was found as optimal: the salts, 2, were obtained in CH 3 CN at 0 o C and the amidoalkylation of indole and pyrrole was carried out at room temperature in the presence of Et 3 N for the time given (Scheme 1, Table 1 ). The amidoalkylation of indole led only to one product (3a-3c, Table 1 ), while the reaction with pyrrole a®orded a mixture of products 3 and 4 (3d-3f and 4d-4f, Table 1 ). The reactions of 2 with thiophene and pyrazine were not successful even in the presence of Lewis acids. o C in ref. [6] . We used Et 3 N as a base, whereas Sheinkman et al. carried out these reactions in excess of isoquinoline. The results from our study are in good agreement with the previously published data. The yields of known compounds 3b, 4d, 3e, 4e are similar to those cited in references. In the literature there is also an observation that salts of isoquinoline do not react with thiophene. There is no information about reactions with pyrazine.
Extending our study, we found that the reaction of N-acyliminium intermediates 6 obtained from equimolar amounts of 3,4-dihydroisoquinoline 5 and ethyl chloroformate in dichloromethane with indole 7 a®orded at room temperature a product which was characterized as ethyl 1-(1H-3-indolyl)-1,2,3,4-tetrahydro-2-isoquinolinecarboxylate (8b, Table 2 ) but in a moderate yield (40%). ,2-disubstitutedtetrahydroisoquinolines (8, 10, 11, 13, 14, 16) via ¬ -amidoalkylation toward heteroaromatics (7, 9, 12, 15) .
The yield of the product was improved to 77%, when the reaction was carried out in the presence of Et 3 N. The reactions of N-acyliminium intermediates 6 of 3,4-dihydroisoquinoline and acetyl chloride or benzoyl chloride with indole were carried out under the same reaction conditions and a®orded the corresponding 1-(3-indolyl)-2-acyltetrahydroisoqunolines (8a, 8c, Table 2 ). It is observed that the products 8a and 8c were obtained in higher yields with a shorter reaction time than the corresponding 3a and 3c (Table 1 and  Table 2 ). In the case when a cyclic imine like 6,7-dimethoxy-3,4-dihydroisoquinoline was used, the products 8d and 8e were obtained in lower yields. This could be explained due to the electron-donating e®ect of the methoxy groups, which lowers the electrophilicity of the corresponding adducts 6.
The reaction of N-acyliminium intermediates 6 with pyrrole 9 was carried out un-der similar reaction conditions as with indole. The reagent 6 so obtained was cooled to 0 o C and then a solution of equimolar amounts of pyrrole and Et 3 N was added to the stirred mixture. The ®-amidoalkylation and ®-diamidoalkylation reactions of pyrrole with the adducts 6, obtained from 3,4-dihydroisoquinoline and ethyl chloroformate, led to a mixture of two products which were characterized as ethyl 1-(1H-2-pyrrolyl)-1,2,3,4-tetrahydro-2-isoquinolinecarboxylate (10b) and ethyl 1-[5-(2-ethyloxycarbonyl-1,2,3,4- tetrahydro-1-isoquinolinyl)-1H-2-pyrrolyl]-1,2,3,4-tetrahydro-2-isoquinolinecarboxylate (11b) ( Table 2 ). TLC and IR monitoring of the reaction mixtures showed that the reactions to 10 and 11 are parallel and depend on the ratio of adduct 6 and pyrrole. E.g., when the ratio of adduct 6 and of pyrrole in the reaction was 2:1 mmol instead of 1:1, the yield of 10b decreased from 61% to 5%, and the yield of 11b increased from 28% to 82% ( As indicated in Table 2 , the reaction time su±cient for completion of the reaction of reagents 6 and pyrrole is 1 hour in comparison with 24 hours for the corresponding reactions of salts 2 of isoquinoline (Table 1) . And once again the total yields of products 10 and 11 were higher than corresponding total yield of products 3 and 4 ( Table 1, Table  2 ). The collected results from the reactions with indole and pyrrole demonstrated that N-acyliminium intermediates 6, obtained from 3,4-dihydroisoquinoline and acyl clorides are more reactive than the salts 2 of isoquinoline.
The results from the reactions of adducts 6 of 3,4-dihydroisoquinoline and acyl chlorides toward thiophene and pyrazine support the conclusion concerning the reactivity of reagents 6 and 2. The reaction of reagents 6 with unsubstituted thiophene 12 was successful in the presence of Lewis acids as BF 3 ¢Et 2 O (we have used successfully this catalyst in our previous investigations concerning the reaction of N-acyliminium intermediates of 3,4-dihydroisoquinoline toward aromatics) : The adduct 6 of 3,4-dihydroisoquinoline and ethyl chloroformate a®orded a mixture of two products (13b and 14b, Table 2 ), while the adduct of 3,4-dihydroisoquinoline and acetyl chloride led only to 13a albeit in a low yield. When the last reaction was carried out in the presence of anhydrous AlCl 3 , the yield of 10b increased to 60%. From the literature it is known that so far salts of isoquinoline have been reacted only with activated thiophene derivatives. The reaction of adduct 6 with pyrazine 15 was successful also in the presence of BF 3 ¢Et 2 O and at re°ux in CH 3 CN (15, Table 2 ).
The above investigations demonstrated that the N-acyliminium intermediates 6 of 3,4-dihydroisoquinoline and acyl chlorides possess higher electrophilic reactivity than salts 2 of isoquinoline in the reaction of ®-amidoalkylation toward heteroaromatics. As a result of the examinations, reaction conditions for heteroarylation of indole and pyrrole with salts of isoquinoline are proposed. The products obtained were spectrally characterized. On the other hand, the application of the ®-amidoalkylation was successfully extended with investigations of the reaction between reagents 6 and heterocyclic compounds. This way were easily obtained compounds combining two di®erent kinds of heterocycles in their molecules.
Experimental
All melting temperatures were determined using Boettus heat plate apparatus and are uncorrected. The 1 H NMR, 13 C NMR spectra were recorded on a Bruker DRX 250 spectrometer in the indicated solvent (±, ppm) and MS spectra on a Jeol JMS-D300 spectrometer (70 eV). Infrared spectra were recorded with Perkin-Elmer 1750 IFTS spectrometer.
3.1 General Procedure for preparation of products 3a-f and 4d-f (Table 1) :
Acyl chloride (2 mmol) was added dropwise to a stirred and ice cold solution of isoquinoline (2 mmol) in MeCN (5 mL). The mixture was stirred for 30 min for the preparation of salt 2 and then a solution of indole (2 mmol) or pyrrole (2 mmol) and Et 3 N (2 mmol) in MeCN (1 mL) was added dropwise. The reaction mixture was stirred for the time given (Table 1) , then treated with 10% aq. HCl (10 mL) and rapidly extracted with CHCl 3 (3£10 mL). The combined extract was washed with 10% aq. NaHCO 3 (2£10 mL), dried (Na 2 SO 4 ) and the solvent was removed by distillation. The products were separated and puri¯ed by recrystallization or column chromatography on neutral Al 2 O 3 . 113.20, 115.20, 120.30, 120.80, 124.60, 125.30, 126.16, 127.50, 127.80, 128.30, 133.40, 137.50, 140.15, 151.20 117.15, 120.75, 121.80, 122.30, 123.15, 124.70, 125.60, 125.80, 127.10, 127.80, 128.16, 129.70, 132.16, 133.25, 134.28, 136.35, 138.90, 170.95 -4), 122.45, 123.18, 125.32, 126.17, 129.34, 131.15, 132.28, 134.80, 135.35, 136.90, 140.50, 152.17 H 5.80, N 8.95; found C 71.75, H 5.93, N 8.80 . 98.35, 104.30, 115.38, 120.16, 124.30, 126.73, 128.16, 128.86, 132.35, 132.80, 133.15, 134.25, 138.50, 142.16, 173.25 3.2 General Procedure for preparation of products 8a -e, 10a-d, 11a-d, 13a-b, 14b and 16 (Table 2) :
Acyl chloride (2 mmol) was added dropwise to a stirred solution of 3,4-dihydroisoquinoline (2 mmol) in dichloromethane (3 mL) at room temperature. The mixture was stirred for 1 h (or 30 min at 40-50 o C) for the preparation of adducts 6. For products 8, 10 and 11 the reaction mixture was cooled to 0 o C and a solution of indole (2 mmol) or pyrrole (2 mmol) and Et 3 N (2 mmol) in dichloromethane (3 mL) was added dropwise. For the preparation of products 13, 14 and 16, thiophene or pyrazine (2 mmol) and BF 3 · EEt 2 O (0.5 mL) were added to the already obtained reagent 6 . The reactions were carried out at the conditions given in Table 2 , then treated with 10% aq. HCl (10 mL) and rapidly extracted with CHCl 3 (3£10 mL). The combined extract was washed with 10% aq. NaHCO 3 (2£10 mL), dried (Na 2 SO 4 ) and the solvent was removed by distillation. The products were separated and puri¯ed by recrystallization or column chromatography on a neutral Al 2 O 3 . 66, 117.25, 118.92, 119.42, 121.52, 125.58, 125.89, 126.76, 128.35, 129.04, 134.58, 136.37, 136.48, 168 28.51 (C-4), 37.24 (C-3), 51.18 (C-1), 61.37 (CH 2 ), 111. 05, 119.75, 120.12, 122.23, 124.97, 125.73, 126.63, 128.38, 128.96, 136.14, 136.35, 155.18 113.70, 118.50, 120.40, 121.20, 123.30, 123.70, 124.30, 125.50, 126.40, 128.30, 129.40, 129.70, 130.20, 132.12, 134.16, 135.35, 139.60, 160.25 (CO) H 5.72, N 7.95; found C 81.91, H 5.90, N 7.83. 8d: 1-[1-(1H -3-indolyl)-6,7-dimethoxy-1,2,3,4-tetrahydro-2-isoquinolinyl 111.41, 111.68, 111.82, 118.87, 119.48, 125.62, 126.36, 128.06, 136.52, 147.11, 167.84 (CO); ) -C 21 H 22 N 2 O 3 (350.41) : C 71.98, H 6.33, N 7.99; found C 72.10, H 6.45, N 7.80. 8e: ethyl 1-(1H -3-indolyl)-6,7-dimethoxy-1,2,3,4- 30, 110.20, 111.30, 112.40, 117.20, 118.50, 124.30, 125.60, 132.50, 134.20, 136.20, 143.70, 148.60, 156.70 H 6.36, N 7.36; found C 69.55, H 6.48, N 7.20 . 107. 00, 107.58, 117.74, 126.19, 127.04, 128.23, 128.78, 133.71, 133.82, 134.33, 170.64 122.30, 123.80, 124.10, 125.16, 126.70, 127.15, 128.50, 129.24, 131.18, 132.10, 135.19 102.30, 108.30, 110.50, 113.60, 118.90, 124.60, 125.80, 137.80, 145.20, 147.80, 156.20 101.20, 124.60, 125.40, 126.70, 128.60, 130.60, 132.40, 135.26, 136.70, 139.60, 149.15 (CO) , 165.17 (CO) { C 28 H 31 N 3 O 4 (473.56): calcd. C 72.02, H 6.60, N 8.87; found C 71.15, H 6.78, N 8.79. 11c: 1-[5-(2-benzoyl-1,2,3,4-tetrahydro-1-isoquinolinyl)-1H -2-pyrrolyl]-1,2, 3,4-tetrahydro-2-isoquinolinyl-phenylmethanone, (eluent: Et 2 O) 1 H-NMR (CDCl 3 ): 3.13-3.35 (m, 4H, 2CH 2 -4), 3.60-3.84 (m, 4H, 2CH 2 -3), 5.97 (s, 2H, 2CH-1), 6.30-6.48 (m, 2H), 6.75-6.89 (m, 6H), 7.26-7.50 (m, 2H), 7.68-7.80 (m, 10H) 30, 120.18, 123.70, 124.80, 125.14, 126.30, 126.80, 127.80, 128.50, 129.50, 131.20, 132.60, 138.80, 139.15, 141.60, 169.15 H 5.81, N 7.82; found C 80.23, H 6.03, N 7.65. 11d: ethyl 1-[5-(2-ethyloxycarbonyl-6,7-dimethoxy-1,2,3,4- 
